A 1.5 h course to be held at the JRC Ispra at the 5th International Summer School 2013:
Operational Issues in Radioactive Waste Management and Nuclear Decommissioning

Home | Sitemap | About us | Privacy Statement | Legal Notice

Nucleonica “Lab”

nucleomca".' ... web driven nuclear science

Saturday, June 30, 2012

ame

[ AutoLogin

Case Study: Characterisation of = I 2 —

Free Access

an irradiated fuel sample (UOX) EE==S

Nucleonica [blog]

from a PWR

Karlsruhe Nuclide Chart
Online Shop

Educational Resources

Training Courses

Ask an Expert

FAQ

About Us

Dr. Joseph Magill, =
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» Nucleonica is an innovative professional and technical resource for knowledge
creation and competence building for the worldwide nuclear science
Ka rI S ru h e community. The portal has grown to become the leading online resource in the
nuclear sciences and is particularly suitable for education and training of young
scientists, engineers and technicians in the nuclear domain. Our applications
enable researchers and specialists to make complex and precise calculations
in state-of-the-art fashion.

30

Nucleonica is aimed at scientists, engineers and technical personnel working
in the fields of nuclear power, health physics, radiation protection, nuclear and
radiochemistry, decommissioning, nuclear medicine, etc. It can be used by
professionals for everyday calculations, obtaining quick results and testing,
validating and verifying complex computer models.
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» New! Virtual Cloud Chamber

Nucleonica provides you with user-friendly access to the latest reference data
il snslicatianian from internationally evalu;ted nuue_arQatav Aunique fealurg is the wnd_e range
online inte simulation of web-based nuclear science applications. A variety of social networking tools
tool for i ting the are provided for scientific collaboration. In addition, Nucleonica offers a range of




Case Study: Characterisation of an Irradiated fuel sample
(UOX) from a PWR

A: Calculate the activities of actinide and fission products in the sample (webKORIGEN)
B: Create a nuclide mixture of the 10 nuclides with highest activities (Nuclide Mixtures)

C: Estimate the gamma dose rate from this material — both unshielded and shielded
(Dosimetry & Shielding)

D: Generate the gamma spectrum for a HPGe detector (Gamma Spectrum Generator) and
identify the main lines.

E: Generate a transport report to determine which type of packaging is required to transport
this sample (e-Ship)

F: Use the Decay Engine++ to see how the activity of the sample decreases over 5000 y.
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1. Open browser and go to www.nucleonica.com
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2. Enter your
username and
password (iss”)
e.g. iss16
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3. You will then enter the Networking page...
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Applications Data Knowledge My Preferences Print #§ Networ Help  «7 New Browser Tab x| Logout

% Hucleonica Hetworking Welcome, iss16

» Metworking ¥ Nucleonica Newsletter 2013 January 03, 2013 My Prafile
Please find attached the second Nucleonica Newsletter in which we would like to inform
vou on the progress made in 2012 and what we're planning for 2013. In particular, the
latest developments in the Nucleonica web portzal are described with emphasiz on new

and improved applications and features.

» My Profile

4. Now go to
the Nuclear
Science page

¥ My Community Events
=] You have 0 new messages

» My Community

» My Mailbox

» My Groups [=] *“ou have 0 new contact list requests

» My Seftings

» Nucleonica Blog * Recent Hucleonica Members

s Tools ’G“ Bizma Barron Konrad
H Patrianesha Wiysoglad

» Forum

B VENKAT, Raden
SUBRAMANLIAN Oktova
DHANDAPANI

Nucleonica “hands-on" courses at Summer School on Decommissioning m

» webGraph Nucleonica has been invited to give a series of short *hands-on” training courses at the Sth International Summer

School 2013, Operational Iszues in Radicactive Waste Management and Nuclear Decommissioning from 9-13
September at the JRC's centre in Ispra, faly. Nuclear Decommissioning is recently emerging as an important step
in nuclear power plants’ life cycle and [...]

¥ Applications Portal

¥ nuclear science
Nucleonica {@ Science Festival EFFEKTE in Karleruhe, 21-30 June 2013

“A collage of virtual design, films, speeches, dance, performance artistry, scientific presentations and live music
made the subject of “Science in Karlsruhe® for the citizens sensual experience.” This provided the background
sefting to a major science festival o celebrate the 300th birthday of the City of Karlsruhe in Germany. In
collaberation with the JRC's Institute [..]

» Nucleonica Forum

Karlsruhe Nuclide Chart data

o
nucleonlca.-.'
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Nucleonica application updates

A number of improvements and updates to the Mucleonica applications include: 1. Virtual Cloud Chamber: it is
now possible to simulate alpha particles and protons in addition to photons, electron, and positrons. In the
example shown, 5 MeV alpha particles are mostly stopped by a very thin layer (40 pm) of tissue. & magnetic
field [.. ]

ENDFI/B-VIL1 decay data now available in Nucleonica

The ENDF/B-WI.1 library, released December 22, 2011 from the Brookhaven National Nuclear Data Centre, is the
latest recommended evaluated nuclear data file for use in nuclear science and technolegy applications. The data
licrary incorporates advances made in the release of ENDF/B-VILO, including: many new evaluations in the
neutron sublibrary (423 in all) and owver 150 [...]

New Roll Map version of the Karlsruhe Nuclide Chart

Following requests from varicus organizations, a new high guality Rell Map wersion of the Karlsruhe Nucide

in Hucleonica?

It seems that Nuclecnica only uses
the 7th edition of Karlsruher
Nuklidkarte instead of the obwioushy
available 8th. May | ask if that is true
and...

webKORIGEN - Initial
enrichment of U-234

| was calculating the spectrum of a
PWR  with webKORIGEN. Here |
noticed that the calculated value for
U-Z34 is very low. Can it be that is
not...
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Applications Data Knowledge My Preferences #§ Metworking -7 Muclear Science @& Help -« MWew Browser Tab

¥ Huclide Explorer * Application Centre

# New: Mass Activity Converter

¥ Mass Activity Calculator

New: Decay Engine++

Decay l:ngj,rm

Dosimetry & Shielding

x| Logout

Welcome, iss16

My Settings
MNetworking

* My Last Huclides

@ 27 cosd

¥ My Huclide Mixtures

Range & Stopping Power

# Actual Chart: Karlsruhe webKORIGEN

Decay Engine for Large Muclide Sets

Universal Muclide Chart

* Search Hucleonica Documentation . . . .
New: e-3hip: radiclogical transport assistant

Search

Muclide mixtures

MNuclide Search / Radiation Search Mucleonica Scripting

Gamma Spectrum Genearator

Gamima Specium Generatar Prg
.. Wirtual Cloud Chamber

nucleonlca%f Cambia file Converter

[wiki] Nevs: WESPA
Gamma Library

webGraph

* Data Centre

Physical Constants

Muclide Explorer

New: Muclide Datasheets++ (Reference Data, Radiations, Derived

Data, Cross Sections)

Nuclide Datasheets

New: Muclide Search / Radiation Search
New: Dose Coefficients

Fission Yields

EE MWatural Potassium

EE Fuel element with enriched uranium
and ZrH1.8. Total mass is 100 g.

EE Rb-81/Kr-81m Generator
EE Reactor Grade Pu Sample

EE Transuranics in 1tan Spent Fuel

¥ My Sources

25 HEU

* My Messages

Mo messages for you at the moment

¥ User Alerts

Mo alerts at the moment

5. Here are the
applications we
are going to use
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A: Calculate the activities of actinide and fission
products in the sample. (webKORIGEN)

1. Start the webKORIGEN application
2. Select mode 3: Reactor irradiation and decay

3. Use a fuel mass of 1g. Take a cooling time of
36 years. Otherwise default values

4. Run the application (go to tab 3)

nucleonlcaﬁ.‘
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Step 3: Input Summary and Run Step 4
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Step 1; Cakoulaton Mode
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Step 5: Log files
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tions Data Knowledge My Preferences Print g3 Networking -7 Nuclear » 5 New Browser Tab

heat rele:

4. Run the application.

Step 1: Cakulation Mode

Input summary
Mode
Burnup:
Reactor type:
Fuel:

on Library:
' igh burnup (ORNL})

Operation parame
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5. Select activities of the main
nuclides (Total activity is 10.6 GBq)

6. Plot the activities over the 36 y
cooling period

7. Check the top 10 activities and
create a nuclide mixture based on
these nuclides. Rename the nuclide
mixture.

webKORIGEN

webHORIGEN was developed from the Osk Ridge |sotope Generation and Depletion code ORIGEMN. Starting with a gi
evolution of nudlide densities changing due to decays and neutron-induced readticns, and determines derived nuclear

emission of radiation, et

1: Calcubz@ion Mode Simp 2: Romacior | Oiparasion Sieg 3: Input Summany and Fun

Shep 4: Dizplay Resulis

Display results for nuclides/elements dominant at 36 y decay
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B: Create a nuclide mixture of the 10 nucleonica h.l ... web driven nuclear science
nUC”deS With highest aCtiVitieS Applications Data Knowlaedge Wy Bratnennes Print  £f Metworking + Muckear Sckence o3 Help Niew Browsar Tab

(Nuclide Mixtures) Nuclide Mixtures

1. Rename the mixture to...
1g UOX spent fuel & save

Sampbe M iocures

Deate modified ™
.l te, upload 2 new
nucleonlca.'.' ... web driven nuclear science webl{origen nuclide 02082013, 10:58:21
Appllcations DB KDOWROJE  MyPrefenences  PII 3Neorkng o) NuckarScknoe @ Held  +f New Browser Ta 4 et L fuel 01.08 2013, 10:10:50
Matural Potassium 23102012, 12:21:19
Fircaloy-4 10.09.2012, 1914147
Firconium hydride ZrH1.6 25,08 2012, 11:35:4T
Element Mg 05,08 2012, 19:159:.07
K and its isotopes 05,08 2012, 14:28:4T
S5RM 071 U isotopes separated 1. July 1877 28.06.2012, 15:19:14

Fuel element with enriched uranium and ZrH1.6. Total mass is 100 g. | 25.06.2012, 13:58:55

Nuclide Mixtures

Fukushima spectrum 220562012, 18:35:01
Cs137 / Bal3Tm 02.04. 2012, 14:07:29
Ce-144 § Pr-144 02.04.2012, 14:06:35
Sr-30 J ¥-530 29.03. 2012, 14:51:09
Reactor Grade Pu Sample 10.05.2011, 13:33:12
HEU, highly enriched wranium 06.05.2011, 13:32:54
1M31_Cs137_mixture 14.03 2011, 168:22:45
Rb-B1/Kr-Bdm Generator 06.01.2011, 17:03:5

Matural Uraniwm 08042010, 15:50:

Mirchide)

5471247 26T8e+16 44478
1.736e+8 2.275e+18 37786 | 0.16
1.736e+9 5.T81e+14

2.T51e48 3.T62e+18

2.59Te+d 5.730e+11

4.1282+7 1.614e+16

2.082e+8 8.313e+17

1184243 7.553e+17

1.822e+8 3.550e+18

2.54d24+T 7.503e+16

1.05Te+10 1.134e+19

Transuranics in 1 ten Spent Fuel 10.03.2010, 14:31:1
UZ232+Cobl 10.03.2010, 13:50:08
Matural Thorium 1000320

All Mictures {21}

=
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C: Estimate the gamma dose rate from
this material -

both unshielded and shielded
(Dosimetry & Shielding)

[] Show radiation details

1g UOX spent fuel, 36 y decay TEST: y and X-rays spectrum

—=—56 Ba 13Tm ——63 Eu 154 —=—085 Am 241 ——04 Pu Z38
—=—06 Cm 244 36 Kr a5 39y el —— 04 Pu 241
——55Cs 137

Emission Probability

0.5 1 15
Gamma Energy (keV) (x107)
[C] show graph settings _ Download 8VG image

Crosshair at 662.5 (+3.3) keV

B 56 Ba137m 661657 0.221
Bl G3Fuis4 6646 1126-6
Bl 95Am241 66241 6.21e-8

nucleonlca.'.' ... web driven nuclear science

Applications Data Knowledge My Preferences Print ¢} Networking « Nuclear Science ¢} Help =« New Browser Tab

Dosimetry and Shielding++
1g UOX spent fuel, 36 y decay TEST

Mixture Nuclide selector

1g UOX spentfuel, 36 y decay TEST

[T include daughters

Dosimetry and Shielding : Dose rate/Thickness graph Options Mixture detais

Initial source strength Shielding material Dose rate {(puSv,/h)

Activity(Bq) ~ [1.06e+10 241E+02

Dozz rata/Thckness graph Options Muxturs detals

Initial source strength Shielding material Dose rate (pSv/h)

Activity(Ba) [+] 1.06e+10 Pb [~] 1.61E+00

Start || Reset

Shiold
Source/detector distance (cm)

100
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Half-Walue Shield Thickness(cm) 9. 50E-01
Tenth-Value Shield Thickness(cm) 2 43E+00
Equivalent Dose Rate Constant M{mSv-m®/GBagih) 2 28E-02
Tissue Gamma Dose Rate (pSvih) 1.61E+00
Exposure Rate (pGyw/h) 1.4TE+00
Effective Build-up factor 2 85E+00
Effective Number of Mean Free Paths (p-d) 6.06E+00
Operational Quant

Specific ambient dose rate equivalent hyy (mSw/hiGBg) @ 1m 3.51E-02

Specific ambient dose rate equivalent hy g7 (WSwWhiGBg) @ 1m < 1. 14E+01

Download | @ Excel ) €SV Separator: | Semicolon ") [w] [C] Use field quslifier (') C: EStlmate the gamma
i e e dose rate from this
Number of lines (y+x): E (total): 1.88E+06 mate”al —_

Download | (@ Excel (0) CSV  Separstor: | Semicolon (") r both unshielded and

10.776y 5.45E+07 . ; 7.98E-06 7.25E-06 Shielded (DOSimetry &

2879y 1.74E+09 0.00E+00 0.00E+00 . .
64.00h 174E+09 120606 112606 Sh|e|d|ng)
01671y | 276E+09 . 7 48E-15 6.45E-15 .

255m 2.60E+09 . 1.1BE+00 1.08E+00 detalls

8593y 4.14E+07 432601 3.96E-01

8717y 2.09E+03 1.60E-07 147E-07

0

Download | @ Excel ) CSV  Separator: | Semicelon (7)) E| . e fualifier (7)
Show radiation details
Tizzue v Dose ~

L | kew | (perdisintegration) | (shieklingicmi) | FreePaths@rd) | Facior ssuc) Rate(nSul}

56 Ba 13Tm 2.21E-1 1.11E-01 6.31E+00 2.83E+00 3.23E-02 1.18E+00

63 Eu 154 4.69 1.37E-03 5.81E-02 3.29E+00 2.86E+00 2.83E-02 2 63E-1

§3 Eu 154 3 §.98E-04 7.07TE-02 4.01E+00 3.00E+00 3.07E-02 5.87TE-02

63 Eu 154 4 05E-04 7.13E-02 4 05E+00 3.00E+00 3.07E-02 3.17E-02

63 Eu 154 ¥96.5 7.00E-05 5.08E-02 2.88E+00 2.76E+00 2.TB8E-02 2.3ME-02

63 Eu 154 b 4 T4E-04 &.13E-02 4 81E+00 2.98E+00 3.14E-02

63 Eu 154 : 7.85E-04 1.00E-01 5.68E+00 2.50E+00 3.20E-02 < 8 11E-03
83 Eu 154 454, 2. T3E-05 5.23E-02 2 87E+00 2.80E+00 2.81E-02 I 7.80E-03
§3 Eu 154 3.36E-05 5.90E-02 3.35E+00 2.87E+00 2.94E-02 ! 5.74E-03
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D: Generate the gamma
spectrum for a HPGe
detector (Gamma Spectrum
Generator) and identify the
main lines.

nuc|EDnIEEI%.- ... web driven nuclear science

Applications Cats Knowledge My Preferences Frint &} Metworking £ Nuclear Science & Help «f Mew Browser Tab

Gamma Spectrum Generator
1 g irradiated UOX fuel

Actusl chart: Karlsruhe

Muclide Mixtures:
1 girradiated UOX fuel Iz‘ Mudlide
Total activity: Ref oint:

Bequerel [+][1.057e+01C| Measurement start [ =]
o results Opitions

1sec  [+]1000 Start

ation: HPGe, coaxial, p-type, rel. eff. 50% (default)

Filter

ystal
diameter
Contact
diameter

Source to Detector distance Crystal length (] Show more settings
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D: Generate the gamma
spectrum for a HPGe detector
(Gamma Spectrum Generator)
and identify the main lines.

Results...

Getting st
Reference ma

Gamma Spectrum Generator
1 g irradiated UOX fuel

Cuestions, remarks, sugge

can be posted in the f

Actusl| chart: Karlsruhe

Mudlide Mixtures:

1 g irradiated U0 fuel [w] MNuclide Selector

Taotal activity: Reference point:
Bequere| [+]1.057e+01( Measurement start ||

Mez=urement setup Caloulation results Options

Data displayed: | Statistical number of counts |Z|

View/'Save results in Text, Excel, |AEA-SFE format.

Gamma-Spectrum Simulated for HPGe (rel. eff. 50.6%)
| Scattering coniribution mm Conlinuum . Feaks |

Number of counts

| !
=il 1200 1400

Gamma-ray energy, keV/ \

Update gpectrum graph

Display: Energy scale Spectrum continuum Contribution of external scattering More graph opid
K-axis settings: Y-axis settings:

Scale Tick steps Scale Tick steps

DAutu Autu Autu Log Autu

Minimum (0,00 Major =tep  |300 Minimum |0 Major step

Substeps No| 5 Maximum|1.00a+5




Gamma-Spectrum Simulated for HPGe (rel. eff. 50.6%)

|dentify the main lines in the spectrum (use
filter shown below the spectrum)

Number of counts

600 800 1000 1400
Gamma-ray energy, keV

Iore graph optic

Minimum (0.00 Major step  |200 Minimum |0 Major step  [100

Maximum 1500 Substeps No| 5 Waximum|1.00e+5 Substeps No| 5

Grid lines icks Grid lines Ticks

VImajor  [¥Minor [¥]Labels [CImajor  [ElMiner #in [Mout [Labels

OE+05

0.00E+00

(31N

-
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E: Generate a transport report to determine nucleonca =l R e ar ccier e

. . . .
Wh ICh t pe Of packa In IS requ I red to Applications. Data Knowledge My Preferences Print ¢4 Networking - Nuclear Science @& Help -7 New Browser Tab x| Logout
Version: 2013.07.25 08:53:10

Getting started

transport this sample (e-Ship++ e-Ship++

radiological transport assistant Questions, remarks, suggestions can be posted in the forum

This is a beta version of the new web application &-Ship+.
Please report errors to info@nuclecnica.com.

1. Start the e-Ship application

My Packsgss | Edt | Options | Decay | Impot | Actvityimis | CEANfi= | Sample packsges | AbouteShip

Name (D=1138)

2. Set the package characteristics

Chemical form: Please take care of subsidiary risk -
@ Material @ other

Material, Other form, Solid

Description:

Sample of irradiated fuel is produced in a PWR. After 5 years irradiation in the reactor
the fuel is removed and cooled for a period of 6 years. Thereafter the fuel is put in Host material [1 |z|
storage for a period of 30 years. oSt matena g

3. Generate the Transport repor
-ﬂ_mlﬂmm—m—————

Am-241 1.71e+8 1.35e-3 4328y 0.001 1.00e-3 1.00E+04 1.00E+00 0171 1.7 1e+4 1.71e+8

P - Ba-137Tm 20950 4E0g.40 | 2859 m 04 nng 2NN 40NN An 0449 2.98e+5 2.98e+8
e-Ship: nuclear material transport report nucleonic. - Source characterisation

Cm-244 122 1.22e+4 1.22e+7

3.16e+5 3.16e+8

Transport report generated for source: 1g irradiated UOX fuel by magill on Aug 01, 2013 12:12:41 Cs-137 318 Muclide | Hait iife | ACtVItY | Heat |Ambientdoserate | Eing | Enn | A(Ba) | A(Baika) | ABa) | Radicactive

Package name: 1g irradiated UOX fus! Eu-154 6.69 (Ba) | (W) |HygluSvin)at10em | (mSv) | (mSv) | LE(Ba) | LE(Ba/kg) | LA(Ba) | contents 66.9 6.692+6
. Sample of rradiated fuel is produced in a PWR. After S years irradiation in the reactor the fuel is removed and cooled for a period o7 § years. " " P

Description: Thereafter the fusl is putin storage for a period of 20 years. Pu-238 2.1gd |Am241 4328y 17168 |154c4 32502 342e+4 164647 342016342009 |B5%e5 | () 2.18e+d 2.18e+8

Source: Material, Other form, Salid Ba137m|2552m |288e+8 |3140-4|0006+0 o 0 0 1.56e+4 1.568+7
Host material mass: 1 Cm244 [180y [122e-8 |1.15e-4|2ddes1 1.48c-4 |6.95c+8 | 1.530+8 | 1.59e-2 | 4.07e-5 | ()
Activity reported: AS 01,2013 08:12:11 Sr-90 2.00 2.008+5 2.00e+7
P g 9 Cs-137 [30.04y |3.16e+9 (9.50e-5|2.91e+4 4.11e+4 |1.23e+5|3.95¢+6 |2.95e+9 451e+3 )
- + +
G20 2004 £ ee [aseay |o60ee7 |16205|12ee3 1346-2 |35563 |1 3=t 12487  |66%e-2 00, 0060

Pu-241 1.56

Subsidiary risk

Chemical farms

For the definiion of the quantties used in this report see the Hucleonica G R — Pu-238 |877y |218e+E |1.9%e-4|d.36e1 5.07e+d |240e+7 |5.45e+6 | 5.45e+9 | 1.09e+6
Puz4l 1433y | 15688 |13456 <1 568e2 749643 | 359646 |7 B0e+ | 70088 |173845

Sr-90 2879y |2.00e+9 [5.57e-5|<2.00e+2 560e+4 (3.20e+5|5.00e+6 |5.00e+9 3.33e+4

Source characterisation V80  [2671d |2.008+9 2994 |1.408s3 54083 |3.008+3 |5.006+5 |5.008+8 |6.67ee2
Total: & 1.23¢+10| 3.52¢-3] 1.25¢-3 <3.25¢+4|2.00¢+5 | 5.14e+7| 2.06e+7 | 2.08e+10

Jucide | Haite | Actty | Heat [Ambient dose rate | Eing | Einn | ABa) | AtBarka) | Ata) | Redioactive
(Ba) | (W) | HyluSwh)at10em | (msv) | (mSv) | LE(Ba) | LE{Ba’kg) | LA(Ba) | contents (a) &, andior A values include contricutions from daughter nuciides with half-lives less than 10 days.

(b) Parent nuclides and their progeny included in secular squilbrium

Am-241 4328y [171e+B |1.54e4 [3.75e+2 3.4Ze+4 |164e+7 |3.42e-6 |32.42e+8  |B.55e-5

Ba-137m 2552 m |298e+8 |3.14e-4|0.00e+0 0 0 0

Cm-244 180y 1228+8 |115e-4 |2 4de+1 1.46e+4 (695e+6 |153e+6|1.53e+9 4.07e+5 ) P K h terisati
Cs-137 3004y |3.16e+9 |9.50e-5|2.91e+4 4.11e+4 [123e+5 |3.95e+6 | 3.95e+9 451e+3 ac age Gharacterisation

Eu-15¢ |£.593y |6.80e-7 | 1835 |124e+3 1.34e-2 2553 |1.34e-4 | 1.34e-7 | 6.8%e-2 | (BiY)
- . — - suctide | Activity | A; | exempt [ Exempt | Exceptea | A |_a AlBa A
Pu-238 [877y 2.18e+8 |1.9%e-4 [4.38e+1 5.01e+4 |2.40e+7 |5.45e+8 |5.45e+9 1.09e+8 (Ba) (TBa) (Ba) (Balg) (GBa) Ay Exempt | Exempt(Bq/g) | Excepted
Pu241 1433y |1.568+8 |1348-6|<1 56822 T496+3 |3586+67.802+5|7.008+8 | 173e=5 | () Am241 |171e+8 |1.006-3| 100644 |1008-0 [10083 |171e-1 171644 [1710:8 171842
S5r90  |2879y |2002+8 |557e5|<200e2 560e+4 |320e+5 500846500648 |3338+4 Ba-137m|2.98e+0 |2.00e-2[1.00e+4 |1.00e-1 |2.00e2  [1.49e-1|298e+5 |2.98¢+€ 1.49e-2

¥-90 2671d |2.00e+9 |2.99e-4|1.40e+3 5.40e+3 [3.00e+3 |5.00e+5 | 5.00e+8 6.67e+2 ) Cm244 | 122648 |2.006-3|1.00e+4 |1.008+1 |2.008-3 6.100.2 | 1 226+4 | 122847 6.108=1

H . . - . - <3. L . L . .
Total: 9 1.25e+10|352¢-3|1.26¢-3 325¢14|209¢+5|804e+7 | 206047 | 206e+10 Cs-137 |3.18e+9 |6.00e-1]1.00e+2 [1.00e-1 [B.00e-1 |5.27e-3| 31845 [2.18e-8 5.27e-0
Eu-15¢ |6.69e+7 |6.00e1[100+6 |1002+1 |6.00e-1 |1.128-4|669e+1 |6.65e5 11281

(a) Ay andior A; values include contributions from daughter nuclides with half-lives less than 10 days.

(b} Parent nuclides and their progeny included in secular eguiliorium Pu-238 |2.18e+8 |1.00e-3|1.00e+4 |1.00e+0 |1.00e-3 2.18e-1(2.18e+4 |2.18e+8 218e+2

Pu-241 (1.58e+9 |6.00e-2(1.00e+5 |1.00e+2 |6.00e-2 2.60e-2 | 1.58e+4 |1.58e+T 280e+1

Sr-30 2.00e+3 [3.00e-1|1.00e+4 |1.00e+2 |3.00e-1 667e-3 |2.00e+5 |2.00e+7 667e+0

Y-90 2.00e+9 [3.00e-1|1.00e+5 |1.00e+3 |3.00e-1 B8.67e-3 | 2.00e+4 |2.00e+6 8.67e+0
Total: 9 [1.23e+10 6.44e-1|9.01e+5 |1.06e+8 6.44e+2

Type A Package
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F: Use the Decay Engine++ to see how the activity of the sample decreases over 5000 y.

nucleonlcaﬁ.' ... web driven nuclear science

Applications Data Knowledge My Preferences Print 3 Metworking - Nuclear Science % Help -7 New Browser Tab x| Logout

Decay Engine++
1g UOX spent fuel &amp; save

Micture Muclide selector

1g UOX spentfuel & save

Decay Engine Options Ciecay Tree Mecture detais

Starting quantity Final total quantity Unit Calculation details

2933e+9 I- 3BE+05 becquerel Time axis: ) Linear @ Logarithmic

Decay Time Time Unit Initial timestep: 1.00e-3  year

5000 year CPU time / Total time (sec): ID_61 {34

Start Reset

|:| Show rescale tool

=

95 Am241 4328y o; SF,; Si34 1, 4.3E-12; 7. 4E-16 1.20e+15 4.80e-7 6.09e+4

=

214 My o; SF; Mg30 1;1.96E-12; 4E-14 358e+18 1.41e-3 367e+d
27.0d B 1 1.24e+11 4.79e-11 367e+d
159.3 ky o; SF; Ne24; Mg28 | 1;5.92787E-11; 7.2E-13; 1.3E-15 | 5.03e+15 1.95e-6 693

3.253h 2.16e+6 7.49e-16

BEEEE

734 ky 4.27e+13 1.62e-8
14.8d 2.36e+8 5.80e-14

o=

10.0d 1.59e+8 595e-14
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F: Use the Decay Engine++ to see how the activity of the sample decreases over 5000 y.

Select
24 Plutonium 241

Element: Mass:
Np [=] 237 [+]

Zoom

View: @ (‘B\ Q ‘a
User defined El

Select colour theme:

Karlsruhe

| alpha

| beta™

| ec/beta™
[T

J|n

7] SF

Am242

1dms |1 4E2 v |16.04 b

Np240

74m 1.08 h
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F: Use the Decay Engine++ to see how the activity of the sample decreases over 5000 y.

Decay of 2.93e+9 Bq 1g UOX spent fuel & save during 5.00e+3 y

—=— 95 Am241 ——93 Np237 —=—91 Pa233 —=—02 U233
—=—90 Th229 82 Pb209 Total:

Activity

decreases by
i _ ; : nr.aye factor 100 in
B MRt R 1140 y

[7] show graph settings = Download SVG image

Cursor at 1.14e+3 year

95 Am241 2.87e+7
93 Np237 3.06e+4
91Pa233 3.06e+4
921233 |974

90 Th229 3.83
A2 PRoNg 3487

Total: 2.88e+T7
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results based on ICRF72

Total

actinides
— figsion products

ref. 7.83 1t U in equilibrium
------- with P&T

W\ .

O\ with P&T:
\\ 1000 v [99% Pu, 98% (Am+Cm) removal]
500 y [099.5% Pu, 99% (Am+Cm) removal]
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Case Study: Characterisation of an Irradiated fuel sample
(UOX) from a PWR

A: Calculate the activities of actinide and fission products in the sample (webKORIGEN)
B: Create a nuclide mixture of the 10 nuclides with highest activities (Nuclide Mixtures)

C: Estimate the gamma dose rate from this material — both unshielded and shielded
(Dosimetry & Shielding)

D: Generate the gamma spectrum for a HPGe detector (Gamma Spectrum Generator) and
identify the main lines.

E: Generate a transport report to determine which type of packaging is required to transport
this sample (e-Ship)

F: Use the Decay Engine++ to see how the activity of the sample decreases over 5000 y.
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